The leaf-extract of Cymbopogon citratus was evaluated for nutritional and anti-nutritional compositions. The results revealed that the plant leaves contained appreciable amounts of phytochemicals (alkaloids, glucosides, phenols, saponins, flavonoids and tannins), proximate compositions (proteins, carbohydrates, fats, crude fibre, ash and moisture), vitamins (A, C, E, B1, B2 and B9) and trace elements (Fe, Zn, Mn, Cu, Na, K, Ca and Co) in varying degrees. These chemical compositions obtained may be responsible for the nutritional and therapeutic uses. The proximate, vitamin and mineral compositions obtained suggested that the leaves may serve as cheap sources of vitamin A, C, E, B1, B2 and B9 as well as other macro-and micro-nutrients, and could be incorporated into human diets to meet-up with their recommended daily dietary allowances. The content of flavonoids, vitamin A, C and E in the leaf extract also suggests possible anti-oxidant effects of the plant leaves.
Determination of Alkaloids [8]
Five grams of ground sample was weighed into a 250 ml beaker, and 200 ml of 20% acetic acid in ethanol was added and was covered to stand for 4 h. This was filtered and the extract was concentrated using a water bath to evaporate one-quarter of the original volume. The concentrated ammonium solution was added drop-wise to the extract until the precipitation was completed. The entire solution was allowed to settle and the precipitate was collected by filtration, after which it was weighed.
Determination of Glucosides [9]
Five grams of the ground sample was soaked with 100 ml of distilled water for 3 hours in a beaker. It was filtered using whattman filter paper and funnel. The filtrate (2 ml) was piptted into a test tube; 2 ml of 3,5-dinitro salicylic acid was added and put in a boiling water bath for 15 minutes. The test tube was removed and allowed to cool. Distilled water (5 ml) was added to serve as a dilution factor. The absorbance and concentration were read at 460 nm in a visible Spectrophotometer.
Determination of Phenols [8]
Fat free sample was prepared as follows: two grams of the sample were defatted with 100 ml of diethyl ether using a Soxhlet apparatus for 2 h. The fat free sample was boiled with a 50 ml of ether for 14 minutes. Five millilitres of the extract was pipette into a 50 ml flask, and then 10 ml of distilled water was added. Two millilitres of ammonium hydroxide solution and 5 ml of concentrated ethyl alcohol were also added. The sample was made up to mark and left to react for 30 min for colour development. The absorbance of the solution was read using a visible spectrophotometer at 505 nm wavelength.
Determination of Saponins
This was done by the method described by Obadoni and Ochuko [8] . Twenty grams of the ground plant sample was dispersed in 200 ml of 20% ethanol. The suspension was heated over a hot water bath for 4 h with continuous stirring at about 55˚C. The mixture was filtered and the residue re-extracted with another 200 ml of 20% ethanol. The combined extracts were reduced to 40 ml over water bath at about 90˚C. The concentrate was transferred into a 250 ml separating funnel and 20 ml of diethyl ether was added and shaken vigorously. The aqueous layer was recovered while the ether layer was discarded. The purification process was repeated. 60 ml of normal butanol extracts were washed twice with 10 ml of 5% aqueous sodium chloride. The remaining solution was heated in a water bath. After evaporation the sample were dried in the oven into a constant weight. The saponin content was calculated in percentage.
Determination of Flavonoids [9]
Five grams of the ground plant sample was weighed in a 250 ml titration flask, and 100 ml of the 80% aqueous methanol was added at room temperature and shaken for 4 h in an electric shaker. The entire solution was filtered through What man filter paper no. 1 (125 mm) and again, this process was repeated. The filtrate as a whole was later transferred into a crucible and evaporated to dryness over a water bath and weighed.
Determination of Tannins [10]
Five hundred miligrams of the ground sample was weighed into 100 ml bottle; 50 ml of distilled water was added and shaken for 1 h in a shaker. This was filtered into a 50 ml volumetric flask and made up to the mark. Then 5 ml of the filtrate was pipette out into a tube and mixed with 3 ml of 0.1 M FeCl 3 in 0.1 N HCl and 0.008 M potassium ferrocyanide. The absorbance was measured in a visible spectrophotometer at 120 nm wavelength within 10 min. A blank sample was prepared and read at the same wavelength. A standard was prepared using tannin acid to get 100 ppm and measured.
Proximate Analysis
The samples were analyzed for proximate compositions which include moisture content, fat/oil, ash, protein, fiber and carbohydrate contents. Official methods of AOAC [11] were used in carrying out the proximate analysis.
Determination of Carbohydrate
The carbohydrate content was determined by calculation (by difference) according to Akubugwo et al. [7] . Calculation:
( ) %carbohydrate 100 % moisture % crude fibre % ash, % crude fat % crude protein .
Determination of Crude Protein (Micro-Kjedahl Method)
Ten grams of the sample was weighed and transferred into a Kjedahl flask. Four tablets of Kjedahl catalysts (tablet contain 1 g of Na 2 SO 4 and 0.5 g of selenium) were added. Concentrated H 2 SO 4 (20 ml) and glass beads were introduced to avoid bumping on heating. The flask was set in the fume cupboard; heated gently immediately and then continue heating until a slight charring begin to clear and the mixture become colourless. The heating process was approximately one hour. The flask was allowed to cool to room temperature and slowly washed the long neck flask with 20 ml of distilled water into 500 ml distillation flask. Distillation: Pieces of hot cleaps were added into the flask and connected up to the splash head and water cooled condenser. NaOH solution (5%, 4 ml) was added in the dropping funnel and 50 ml of 2% boric acid into the 250 ml receiving flask with methyl red indicator. The dropping funnel tap was opened slowing to allow the 5% NaOH to enter the boiling flask. The distillation flask was heated to boiling with water passing through the condenser. Distillation continued until about 150 ml was collected in the receiving flask. The content of the flask was titrated with 0.1 M HCl until pink end point. The reading was recorded and blank was ran along the same treatment. 
Determination of Fat/Oil
Ten grams of the ground sample was weighed and transferred into thimbles of a soxhlet extractor containing 250 ml of petroleum ether. The thimble and the contents were placed in a 100 ml beaker and dried in an oven for 30 minutes at 105˚C -110˚C to expel traces of moisture. The beaker was rinsed with the extractant and added to the soxhlet extractor. The sample was extracted for 7 hours at a condensation rate of 240 drops per minute. After the extraction, the sample was transferred to an already weighed evaporating dish and rinsed 2 -3 with the extractant. The dish was placed in a fume chamber to cause solvent to evaporate. The sample was dried in an oven for an hour at 105˚C -110˚C and then cooled in a desicator and weighed.
The percentage oil content was calculated as:
weight of dish contents after drying weight of empty evaporating dish 100 % crude fat . weight of sample taken for analysis
Determination of Crude Fiber
Two grams of the ground sample was weighed and placed into a conical flask. The sample was extracted by stirring with petroleum ether. 200 ml of 1.25% H 2 SO 4 solution was heated to boiling and transferred to the dried sample. The sample was allowed to settle. The flask was connected immediately to a water-cooled reflux condenser and heated. The flask was boiled gently for 30 minutes and mixed. The flask was removed and filtered using a filter paper held in the funnel and washed with boiing water until no longer acidic to litmus paper. 200 ml of 1.25% NaOH was brought to boiling under a reflux condenser. This alkaline solution was used to wash the sample back into the initial flask and then boiled for 30 minutes under condenser. Again, the flask was removed and immediately filtered. All the insoluble matter was then transferred to the sintered crucible using boiling water. The residue was washed first with boiling water, 1% HCl and boiling water to render the insoluble matter free of acid. The residue was washed three times with alcohol and diethyether and then dried in an oven at 150˚C to a constant weight. The dried sample was also ashed by incineration in a muffle furnace at 560˚C for an hour. The crucible was cooled in desicators and then weighed.
weight of insoluble matter weight of ash 100 % crude fibre weight of sample − × =
Determination of Moisture [11]
Three dried dishes with lids were weighed and into each of the dishes, 2.0 g of the each ground samples was weighed and placed in an oven at 100˚C for 3 hours without the lids. The samples were removed from the oven after drying and the lids were replaced. The samples were transferred to the desicator containing a suitable moisture absorbing material and weighed repeatedly after they have reached room temperature until constant weight were obtained.
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The moisture content was calculated as: 4 weight of sample+dish drying weight of sample dish after drying 100 % moisture . weight of sample for analysis
Determination of Ash
Clean dry porcelain dishes and two grams of the ground samples were weighed. The dishes were dried in an oven at 100˚C -110˚C for 3 hours and then removed. The dishes were heated over a burnsen flame to initiate the destruction of carbon until the contents turn black. The dishes were placed into a muffle furnace and heated at 560˚C for 2 hours or until grayish-white residues were formed. The hot dishes were removed from the furnace using tongs and moistened with some drops of distilled water to expose any unashed still present. The dishes were again placed into muffle furnace and heated at 560˚C for 3 hours. They were removed and palced in a desicator to cool. Each dish and the content were weighed and ash level determined.
The percentage ash content or the sample was calculated using the formular:
weight of dish content after drying weight of empty dish 100 % ash . Weight of sample for analysis
Determination of Vitamin Content
The leaf extracts of Cymbopogon citratus were assayed to determine the amount of vitamin A, C, E, B 1 , B 2 and B 9 using Spectrophotometric method.
Determination of Vitamin A
This was determined spectrophotometrically using a modified standard method of AOAC [11] .
The leaf extract (0.5 g) was homogenized and saponified with 2.5 ml of 12% alcoholic potassium hydroxide in a water bath at 60˚C for 30 minutes. The saponified extract was transferred to a separating funnel containing 10 -15 ml of petroleum ether and mixed well. The lower aqueous layer was then transferred to another separating funnel and the upper petroleum ether layer containing the carotenoids was collected. The extraction was repeated until the aqueous layer became colourless. A small amount of anhydrous sodium sulphate was added to the petroleum ether extract to remove excess moisture. The final volume of the petroleum ether extract was noted. The absorbance of the yellow colour was read in a visible Spectrophotomete at 450 nm using petroleum ether as blank.
Determination of Vitamin C (Ascorbic Acid)
The method of Hussian et al. [12] was used. 1g of each ground sample was weighed in a 25 ml conical flask. Then 10 ml of the oxalic acid (0.05 M)-EDTA (0.02 M) solution was added and the mixture allowed standing for 24 h, to provide the required reaction time. After 24 h, the samples were filtered through 0.45 μm Whatman filter paper No.1. Then 2.5 ml of each sample was transferred to a separate 25 ml volumetric brown flask, after which 2.5 ml of the oxalic acid (0.05 M)-EDTA (0.02 M) solution was added. Subsequently, meta phosphoric acid was added separately with acetic acid (0.5 ml), sulphuric acid (5% v/v) solution (1 ml) and ammonium molybdate solution (2 ml) in each volumetric brown flask and the volume was made up to 25 ml with distilled water. The absorbance was measured at 760 nm in a visible Spectrophotometer.
Determination of Vitamin E (Tocopherol)
Into 3 stoppered centrifuge tubes, 1.5 ml of plant extract, 1.5 ml of the standard and 1.5 ml of water were pipetted out separately. To all the tubes, 1.5 ml of ethanol and 1.5 ml of xylene were added, mixed well and centrifuged at 300 rpm. Xylene (1.0 ml) layer was transferred into another stoppered tube. To each tube, 1.0 ml of dipyridyl reagent was added and mixed well. The mixture (1.5 ml) was pipetted out into a cuvette and the extinction was read at 460 nm (A 460 ). Ferric chloride solution (0.33 ml) was added to all the tubes and mixed well. The red colour developed was read exactly after 15 minutes at 520 nm (A 520 ) in a visible Spectrophotometer.
Determination of Vitamin B1 (Thiamin) [13]
Five grams of the sample was homogenized with Ethanol sodium hydroxide (50 ml) it was filtered into a 100 ml flask. 10 ml of the filtrate was pipette and the colour developed by addition of 10 ml of potassium dichromate and read at 360 nm in a spectrophotometer. A blank sample was prepared and the colour also developed and read at the same wavelength.
Determination of Vitamin B2 (Riboflavin) [14]
Five grams of the ground sample was extracted with 100 ml of 50% ethanol solution and shaken for 1 h. This was filtered into a 100 ml of the extract that was pipette into 50 ml volumetric flask. Ten millilitres of 5% potassium permanganate and 10 ml of 30% H 2 O 2 were added and allowed to stand over a hot water bath for about 30 min. two milliliters of 40% sodium sulphate was added. This was made up to 50 ml mark and the absorbance measured at 510 nm in a spectrophotometer.
Determination of Vitamin B9 (Folic Acid)
This was determined spectrophotometrically using a modified standard method of AOAC ( [11] . Homogenized leaves powder (500 mg) was weighed into 100 ml volumetric flask. It was dissolved with 50 ml, 3% of disodium hydrogen orthorphosphate and shaked for 20 minutes, and make up to mark with the same solution, and then filter. The standard folic acid powder (28 mg) was weighed and treated as above. The filtrate (40 ml) was taken from the test and 3 ml of the filtrate was taken from the standard and each into separate 100 ml volumetric flask and was made up to mark with 3% disodium hydrogen orthorphosphate. Five millilires of both standard and test each was added into 50 ml volumetric flask and was treated for colour development as follows; 1) Two millilitres of KMNO 4 (0.4%) was added and allow to stand for one minute.
2) Two millilitres of sodium nitrate (2%) was added.
3) Two millilitres of 5 M HCl was also added and both standard and test was shaken. 4) Two millilitres of sulphuric acid (5%). 5) 2 ml of sodium edadate/EDTA (5%) was added, shake and allow to stand for 10 minutes. 6) Two millilitres of Azodye (0.1%w/v) was also added and allowed to stand for 10 minutes and absorbance read at 550 nm. 
Determination of Trace Elements/Macronutrient Status
Mineral was estimated by the used of an Atomic Absorption Spectrophotometer. The sample solutions in the sample bottles were analyzed for the concentration of the individual elements. Each element has specific cathode discharge lamp and this lamp was used to determine a particular element. Discharge lamp emits radiation at a wavelength specific for each element being assayed. This specificity can be obtained only from a pure sample of the element that is excited electrically to produce an arc spectrum on that element.
Statistical Analysis
The data was analyzed by ANOVA and results expressed as means and standard deviation.
Results
The results of phytochemica analysis showed that the leaf extracts of Cymbopogon citratus had varying (mg/100g) of phytochemical constituents.
The results of proximate analysis showed that the plant leaves contained variable amount (%) of proximate composition.
The results of trace elements/macronutrients analysis showed that the leaf extracts of Cymbopogon citratus had varying (mg/100g) of trace elements/macronutrients composition.
Discussion
Higher contents of tannins, flavonoids and phenolics were observed than alkaloids, saponins and glycosides in Cymbopogon citratus ( Table 1) . Tannins are known anti-nutritional factor that reduce the uptake of blood glucose by binding with calcium which is needed to stabilize amylase activity. They can equally bind with starch to influence its degree of gelatinization or its accessibility to the digestive enzymes. Tannins can suppress hyperglycemia by inhibiting glucose transport across the intestine through inhibiting sodium-glucose co-transporter-1 [14] . Tannins were reported as one of the most important of the bioactive constituents of plants. The phytoconstituents which includes saponins and other bioactive compounds are antibiotic principles of plants [15] . Tannins are plant polyphenols, which have ability to form complexes with metal ions and with macro-molecules such as proteins and polysaccharides [16] . Dietary tannins are said to reduce feed efficiency and weight gain in chicks [17] . Soaking and boiling of plant materials in water is said to improve their utilization in terms of feed intake and protein digestibility [18] . Environmental factors and the method of preparation of the plant samples may influence the concentration of tannins present. Saponins are glycosides, which include steroid saponins and triterpenoid saponins [19] . High levels of saponins in feed affect feed intake and growth rate in poultry [17] . Reduction in feed intake was ascribed to the bitter or irritating taste of saponins [18] . Saponins in excess cause hypocholestrolaemia because it binds to cholesterol making it unavailable for absorption [20] . Saponins also have haemolytic activity against RBC [17] . Saponins-protein complex formation can reduce protein digestibility [21] . Saponins decrease the uptake of certain nutrients such as glucose and cholesterol at the gut through intralumenal physicochemical interaction [20] . Hence, it has been reported to have hypocholesterolemic effects and thus may aid in lessening the metabolic burden that would have been placed on the liver. Though, the toxic effect of saponins has been highlighted by many researches [18] [21] [22] . Glycosides are toxic when ingested by monogastric animals in large quantity. These quantities of glycosides and tannins present in these leaves are still lower than the 10 mg HCN/kg recommended by FAO/WHO [23] , for glycosides and the lethal value above 5% for tannins [22] . These are not high enough to constitute human poison.
Alkaloids are beneficial chemicals to plants with predator and parasite repelling effects. However, they inhibit certain mammalian enzymic activities such as those of phosphodiesterase, prolonging the action of cyclic AMP. They also affect glucagons and thyroid stimulating hormones, while some forms have been reported to be carcinogenic [24] . It is noteworthy that at the concentration of these chemicals in this plant, they are usually nontoxic. Further, steaming or boiling reduces their leaves in plant extracts [25] . The plant also contains flavonoids which are phenolic compounds that serve as flavoring ingredients of plant leaves. They have been found to possess an anti-oxidant potential in animals.
Proximate composition of leaves of Cymbopogon citratus is presented in Table 2 . The values showed that the leaves contain high percentage composition of crude fibre, protein, carbohydrate and moisture with low level of fat and ash. The good distribution of nutrients in the leaves may explain the popular use of the plant by local users in treatment of diseases. When compare with some other common use medicinal plants, Cymbopogon citratus leaves contain good quantities of crude fibre (37.53%), protein (22.59%), carbohydrate (19.64%) and moisture (11.35%) with low level of fat (2.43%) and ash (7.15%) than Boerhavia diffusa; 2.40%, 2.26%, 10.56%, 82.22%, 1.44% and 0.96% respectively and Commelina nudiflora; 1.50%, 1.69%, 5.67%, 88.63%, 1.44% and 1.07% respectively [20] . The fibre, carbohydrate and crude protein content of the leaves of C. citratus observed in this study are similar to reported values for both the leaves and seeds of S. nigrum as well as number of tropical plants [26] .
The ash content of the leaves (7.15%) is similar to the values reported for some commonly consumed leafy vegetable in Nigeria, including Ocinum graticinum, Hibiscus esculenta and Ipomea batata. It is however; lower than the reported value of 20.05% for Talinum triangulare [27] [28] . This value compares favourably with a reported value of 7.18% for S. nigrum from Congo Brazzavile [29] . The lipid content observed for Cymbopogon citratus leaves is similar to those reported for calchorus Africa, Amaranthus hybidus, Talinum triangulare but about half the value for Bacsilla alba leaves [27] .
The vitamin content is shown in Table 3 . The order of magnitude of the studied vitamins is vitamin C > B 1 > B 2 > A > E > B 9 . Though, the vitamin content of the leaves are low, consumption of this plant material will con-tribute in meeting the daily vitamin requirement as stipulated for healthy adults [30] . The result obtained in Cymbopogon citratus is in agreement with the report of Okwu and Josiah [31] . Vitamins play physiological roles in the normal functioning of the body. Thus, these plants may be considered as good since they have the potential for the management of cardoivascular diseases and oxidative stress due their vitamin A, E and C contents [32] .
The mineral element analysis as shown in Table 4 indicate that Cymbopogon citratus contains high levels of manganese and calcium, fairly adequate concentration of potassium, sodium, copper, cobalt but relatively low level of zinc and iron. The mineral content of this plant is low when compared to the previously cited common medicinal plants but the low content of zinc and iron are in comparison with those reported for Boerhavia diffusa and Commelina nudiflora leaf extracts [20] . Values are mean ± standard deviation of triplicate determination.
Conclusion
In conclusion, this study has revealed that leaves of C. citratus are potential sources of nutrients and some essential macro and micronutrients needed by man. The importance of these nutrients cannot be over emphasized for effective and proper metabolism as well as the maintenance of good physiological state of man and animals.
